Objectives: The objectives of this study are (i) to evaluate the feasibility of using an inexpensive air pump to maintain reliable oxygen concentration in a continuous positive airway pressure (CPAP) system and (ii) to evaluate whether an inexpensive air pump can maintain infant 02 sats >90%. Methods: This prospective study, which included 19 babies in pilot phase and 90 during extension phase, was conducted at a neonatal intensive care unit in a resource-poor academic medical center in India. The intervention involved introduction of an air pump in the CPAP delivery system. Outcome measures were oxygen concentration in the air-oxygen blend and oxygen saturation of the study babies. Results: Oxygen concentration at the outlets ranged between 56 and 70% and in the blend between 42 and 51%. Oxygen saturation ranged between 90 and 97%. Conclusion: A simple and inexpensive air pump can work as a safe and effective oxygen blender. 
I N T R O D U C T I O N
Continuous positive airway pressure (CPAP) support is well known to reduce neonatal mortality due to respiratory distress syndrome. Currently, we are using a locally assembled system using a humidified gas source; the pressure-generating system consists of a bottle containing 6-8 cm water and binasal prongs as a patient interface [1] , referred hereafter as 'regular CPAP' (RCPAP). The RCPAP has been user-friendly. However, this system does not have air-oxygen blending mechanism. A simple and inexpensive air pump is introduced in the RCPAP circuit to blend air and oxygen. Thus, Pump CPAP is a step up from RCPAP. This improvised system will hereafter be referred as 'pump CPAP' (PCPAP). The study aimed to assess if PCPAP can blend the gases effectively and maintain oxygen saturation of the infants in 90-95% range. This hospital is attached to a newly established medical college located in a rural area and serves most often as First Referral Unit for nearby primary health centers and private maternity homes. Warmth, feeding and antibiotic and oxygen administration receive prime attention. Inotropes and pulmonary vasodilators are administered as indicated. Vancomycin is used more frequently in in the treatment of babies with suspected sepsis who weigh <1500 g. Management is based on established protocols, revised over time, following monthly postmortem audits. For an average bed occupancy of 13 babies, generally two staff nurses are on duty roundthe-clock. Complete blood counts are performed on admission to NICU. Chest radiograph is obtained if there is respiratory distress. A portable radiography machine is available. However, blood gas analysis, surfactant administration and mechanical ventilation are not available. Labor room care also includes cord milking and chlorhexidine application to the umbilical cord stump. The cesarean rate is >30%. Weight-wise mortality rates are shown in Table l .
PCPAP system
An air pump was introduced in the RCPAP circuit ( Fig. 1 ) to deliver pressurized air via a T-piece. The second end of the T-piece received humidified oxygen. Thus, CPAP was generated by an air-oxygen mix, rather than oxygen alone, as in RCPAP. An oxygen analyzer (Meditrin, India) measured oxygen concentration in the air-oxygen mix. All the oxygen outlets (n ¼ 16) in the NICU were checked for uniformity of oxygen delivery. To counter the variation in the oxygen concentration at the outlets, the fiO2 was measured in a dummy circuit before PCPAP delivery. The dummy circuit was set up and oxygen flow rate was adjusted to achieve oxygen concentration 40%. The dummy circuit was then replaced by the baby circuit. The pressure-generating system consisted of a bottle containing 6-8 cm water column and binasal prongs as a patient interface. One end of the nasal prongs was connected to the bottle with rubber stopper and two holes. A nonrestrictive second tube allowed air to escape from the top of the water and prevented excessive pressure. A large bore needle was inserted in the rubber top of the glass bottle to prevent clogging. Chest radiograph was obtained following CPAP to rule out pneumothorax. The study was conducted in pilot and extension phase. Pilot phase This phase lasted for 4 weeks and assessed the feasibility of the study. All infants 35 weeks gestational age, needing RCPAP for respiratory distress (tachypnea and/or subcostal recessions) were included. A switch from RCPAP to PCPAP was done between 48 and 72 h of life, when the baby maintained oxygen saturations between 90 and 95%, had normal capillary refill (<3 s) but tachypnea and subcostal recessions were still persisting. The baby's SpO2, color change and heart rate (by auscultation) were monitored every 15 min for 6 h while on PCPAP.
Extension phase
All consecutive 90 admissions to the NICU were included in this phase. The protocol for switch over to PCPAP was the same except that the switch over occurred between 24 and 48 h of age. The following parameters were recorded: gestation, birth weight, respiration at the start of PCPAP, day of life when PCPAP was started and duration of PCPAP. Blood gas studies were not possible owing to limited resources.
R E S U L T S

Pilot phase
At oxygen flow rate of 2 l/min, oxygen concentration at the 16 outlets, as measured in a head box, varied between 56 and 70% and it ranged between 42 and 51% in the blend. Nineteen babies (weight: 1.8-2.7 kg) were admitted over 4 weeks that fulfilled inclusion criteria. The duration of PCPAP varied between 3 and 8 days. Twelve babies had tachypnea and seven had chest retractions when PCPAP was started. All maintained oxygen saturations in the range of 90-97% at oxygen flow rate of 2 l/min. No baby showed unusual drop in SpO2 after a switch from RCPAP to PCPAP.
Extension phase
Among 90 infants enrolled, 8 babies had gestation <32 weeks, and 18 weighed <2 kg at birth. When PCPAP was started, 64 (71%) babies had only tachypnea, 24 had subcostal/multiple retractions in addition to tachypnea and 2 had severe expiratory grunting besides tachypnea. In all, 68 (75.6%) were <3 days old when PCPAP was started and 15 (16.7%) received PCPAP for >8 days (table 2) . There were nine deaths: very low birthweight with severe respiratory distress (six), low birthweight with severe birth asphyxia (one), congenital heart disease with congestive heart failure (one), LBW with hospital care associated infection (one).
D I S C U S S I O N
The main observations are as follows: (i) the pump blends air and oxygen, lowering oxygen concentration from 56-70% at the oxygen outlet to 42-51% in the blend; and (ii) all babies maintained oxygen saturations in 90-97% range with a flow rate of 2 l/min. The system can blend oxygen and air to deliver oxygen at a predetermined range by varying oxygen flow rate and maintain oxygen saturation in the 90-95% range.
CPAP is most frequently delivered to neonates using conventional mechanical ventilators, the cost of which appears exorbitant when resources are limited. The prototype stand-alone CPAP unit is unaffordable costing INR 160 000 (INR 70 ¼ $1). Even the cost of indigenous versions ranging between INR 25 and 80 000 limits its widespread use. Moreover, these mechanized versions do not have proper blender and pressure manometer [2] .
There are other ways of delivering CPAP, such as bubble CPAP. This is based on a simple system where expiration occurs against a pressure generated by bubbling gas under water. The airway distending pressure is determined by the depth at which the expiratory limb is placed, i.e. 5 cm of water pressure is produced by placing the expiratory tubing of the breathing circuit 5 cm under water [3] . Bubble CPAP provides a safe and effective alternative to ventilator CPAP for respiratory distress in low-and middle-income countries. It can be effectively applied by nurses and other health workers in such setups, and may improve the quality of neonatal care provided in these settings, and optimize neonatal outcomes [3] .
After this study, the babies receive PCPAP as soon as respiratory distress is observed, most often within hours of birth on day 1. For the babies with severe indrawings/grunt/sats <88%, oxygen flow rate is increased to 4 l/min. If there is no improvement, referral for ventilator care is recommended (though few can afford it). The system now uses 40-50% oxygen instead of 100% and thus saves oxygen, a scarce commodity in low-resource locations.
According to Brown and colleagues [4] , a successful bubble CPAP system for the developing world must have following features: (i) adjustable flow rates; (ii) ability to mix oxygen into the flow stream; (iii) mechanism to control the pressure delivered to the patient; (iv) low cost; (v) safe; (vi) durable; (vii) easy to use and repair. Our PCPAP does not have all the features described above but it is certainly effective, inexpensive, safe, readily available and easy to use in low-resource settings. The oxygen concentration cannot be fine-tuned once the system is mounted. This is an important drawback of the system.
Successful use of such a CPAP devise can reduce deaths due to severe pneumonia and hypoxemia as well [5] . It is argued that this safe and effective therapy should be implemented in developing countries without delay [6] . Blended gas source is a weak link in the search for an affordable CPAP system where resources are less. Air-oxygen blending, from a . It is commonly used for pumping air in a fish tank and is easily available at a pet shop (Fig. 2) .
